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The conditions for observation of the individual particle coordinates, required by logic of the 
Special Relativity and filtering the quantum field effects, are described. A general relation between 
the corresponding density of probability and the wave function is found. It is a relativistic invariant 
describing probability of the particle emergences in space-time. This density is concretized for 
bosons, both scalar and vector (including photon), charged and neutral, also electron. The Heisen- 
berg's uncertainty relations have been approved in regards to relativistic particle. As applied to 
the quantum field, this new construction is transformed to new characteristic of the particles 
distribution in space-time, which complete distribution throughout impulses. The operators of 
Pj ' these distributions and the invariant relativistic description for free quantum fields have been 

^ , obtained. These new properties of the particles and fields are proposed for experimental investigations. 
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^ i Model of the Quantum Particle (QP) combines the deterministic dynamics 

lyQ ' of Wave Function (WF) and the statistical relation of WF with observed 

O ■ values: the dynamic part of QP's description and the statistical one. While 

the former one is quite well formalized, the second one for relativistic QP 
k> \ (RQP) causes problems: no formal constructs with coordinates distribution 

j_j ■ properties, and the restrictions on observation possibilities caused by effects 



of the Quantum Field (QF) are available. These problems have caused a 
general opinion that "in consistent relativistic quantum mechanics the particle's 
coordinates at all cannot serve as dynamic variables, . . . and WF, as information 
carriers, cannot be present in it" [1], page 16. We have to add: relations of 
uncertainty of Heisenberg are devoid of the theoretical rationale as applied 
to RQP, as there is no law of coordinate's distribution necessary for that. 
We demonstrate that both problems mentioned above are solved when the 
statistical part of RQP have been included in logic of the Special Relativity 
(SR) sufficiently fully. Despite the common opinion, there appears a theoretical 
possibility to preserve information properties of the WF in the extent comparable 



to non-relativistic quantum mechanics (QM), and there are observation procedures, 
filtering effects of QF. This inclusion require correction of the full set of the 
observables and of the observation procedures. A correction of the requirements 
of covariance follow from this. Formal constructs expressed via WF are 
obtained, that possess all necessary properties of probabilistic distributions 
of the observed values, including particle coordinates. In simplest cases this 
expression is formally similar to probability density of the coordinates of the 
non-relativisic particle, but has different content. Other observation conditions, 
other transformational properties, other meaning: probability density of the 
events in space-time, instead of the probability density of positions in space. 
Instead of stochastic dance of the particle, described by the flow of probability, 
we have probabilistic distribution of the particle appearance in space-time 
, which can not be, generally, represented by the motion in space. On this 
basis relations of uncertainty obtain the justification as applied to RQP. 
As applied to the quantum field, this new construct is transformed to new 
characteristic of the particles distribution in space-time, which complete 
distribution throughout impulses. The operators of these distributions and 
the invariant relativistic description for free quantum fields have been obtained. 

2. HepejiaTHBHCTCKaa HacTHLi;a 

Since the statistical part is sufficiently formalized only for the non- 
relativistic QM, let us start here with defining its necessary details limited 
to spinless QP. Let x = {x*} = {x^,x'^,x^) be the vector of particle's spatial 
coordinates, the element of the related Euclidian space E. Complex WF tp{x) 
is defined on the E, and is considered as the element of the Hilbert space 

H with the norm -L2(E) and respective product (V'l, V'2) = / ipi{x)il)2i^)d^j 

E 

where dE is elementary volume of E. As a rule, the WF is finite in a cube 
V C E: ^p{'x.) = 0, x ^ V, and this integral is defined. The evolution of the 
WF ip{t,x) on the interval (0, T) describes the QP movement. It satisfies 
Schrodinger equation, whereas ||V'(i,x)|| is its dynamic invariant, normalized 
by the condition ||V'(t,x)|| = 1. 

On observation procedure. Full set of characteristics with values y = 
= {ni} is being observed. They are either components of the vector x, or 
the energy, impulse, and momentum. Let the operations of realization of 
QP movement during the time T be defined in identical physical conditions, 
corresponding to given WF evolution tp{t,x.). At a given moment of time t a 
single session of observation (session) is being performed over each realization. 



Values y in each session are defined, and are random would they repeat. 
Observation of trajectories y{t) is also admissible in cases when they are 
identical to the time series of results of sessions of the independent realizations. 
For each fixed function ^'(i, x) and each t the averages (y) [V'(i, x)] = {(yi)(V')} 
are defined, corresponding to infinite set of the sessions. 

On formal description. Given fixed t the averages {y) [V'(t, x)] = {(2/i)(^)} 
are Hermit's Quadratic Forms (HQF) in H. If y = x, then the existence of 
the probability density /(t,x) and its relation to WF /(t,x) = |^(t,x)|^ are 
postulated. Correspondingly, the probability measure P{Q/t) = i-*[<3, ^^{t, x)] = 

= //(t, x)dE is defined. If y = {y.} is an aggregate of energy, impulse, and 

E 

momentum, than the equality (y) = J(V') is postulated, where the right side 
is the aggregate of related dynamic invariants of the Wave Equation (WE), 
HQF Jj(V') = {tp,Liilj), and Lj is a respective operator (operator of the 
i-th observable). In this case the family of distributions P{Q, ip) is expressed 
through components of spectral functions of the operators Li in a known 
manner. 

There exist exceptions from the rule ip £ L2(E), when the norm is not 
defined. In this case the condition P(E, tp) = 1 does not hold. But relative 
probabilities P{Qi,tp)/P{Q2,ip) are defined. Let us note that ip{x) € L2(V) 
in any fixed cube V C E, and WF is the element of Hilbert space H(V) 
with this norm. By fixing here ||V'|| = 1, one can give P{Q,ip), Q C V, the 
meaning probability measure of the positions x, and /(t,x) — its density, 
with the following amendment to the observation procedure: only the sessions 
registering x € V are considered. 

3. Relativistic Particle. General Model Description 

Let E be real pseudo-Euclidian space with coordinate vector x = 
= {x"} = (x'^jx), x G E; x" = ct, t is time, c is speed of light; metric 
tensor e = {cq,^} is diagonal: eoo = —1, en = 1, i > 0. On a finite bar 
V = (0, cT) xV C E the WF -0(2;) is defined, that maps V to an Euchdian 
space U with elements u and product uiU2. It satisfies the respective wave 
equation (WE). The WF is considered as an element of the Hil-bert space 

H{V) with the norm ||V'(x)|p = u'^dE, u = i;{x), dE = dx^dE (let us 

V 
denote norm of the space H as ||V'(t,x)||), and respective product (0i,V'2)- 

For each WF the identical physical conditions are defined, in which the RQP 

is observed. 



Observation procedure reproduces it for non-relativistic QP with the following 
differences. Session is not caused by moment of time t. Thus, time is excluded 
from the observation process as a parameter, but is present as a part of 
argument x, and, possible, of the observed value y. Session lasts during 
the time T. Other conditions will hold good. The main condition among 
them is preservation of uniqueness of y value at session of measurement in 
new conditions. We will discuss this condition below in application to the 
concrete observable values. A measure P{Q, ip) is defined for each WF, and 
respectively, the average value {y)[tp{x)]. 

Formal description reproduces the same for non-relativistic QP with the 
following differences. HQF's P{Q^'4)), Ji{ip) = (ipyLiip), and respectively, the 
operators of the observables are defined in H, but not in H. Characteristics 
Y, and thus, their average J(V'), possess relativistic transformational properties. 
Therefore, P{Q, tp) is relativistic invariant. The latter statement follows from 

equality J(V') = (y)(V') = / ydP{ip), since J(V') and y have the same tensor 

dimension. The dimension of probability density g{y, ip) is defined by the 
equality dP = gdY = inv, where dY is elementary volume of the space of 
observable values. Detailed elaboration of model with reference to concrete 
observable values and types of particles follows below. 

4. Coordinates Observation 

On observation procedure. The full set of the observed is vector y = x 
of spatial-time coordinates of a particle; the result of each session is the 
fixation of the event that a particle has appeared in the point x of the space- 
time E. A content of the session: let the measuring device be an electronic 
microscope; a bunch of electrons probes the space, and at some point in time 
there happens a collision with a particle-object; such collision, generally, 
distorts the observation conditions, corresponding to the given WF (the 
least case is the object-photon, that disappears as a result of the collision); 
because of this, only this first collision has to be taken into consideration; 
the position of the particle is identified with the point on the screen, — a 
trace of the single scattered electron. The measurement should also record 
the moment of collision for complete fixation of the event. Only the sessions, 
that demonstrate events x € V has to be taken into consideration. The 
causes of the distortion of this condition can be the following: the session 
demonstrate an event x ^ V, the collision is not the only, effects of the QF 
there are. Admissibility of the latter is not evident, because QP and QF are 
different systems. But it is valid (see below, item 6.4). 



On the formal description. The function 

g{x) = ^\x), U{x)f = l (1) 

posses all necessary properties of the probability density of the events x ^V . 
This density is a relativistic invariant (elementary volume dE is invariant). In 
simplest cases this expression is formally similar to probability density of the 
coordinates of the non-relativistic particle, but has different content. Other 
observation conditions, other transformational properties, other meaning of 
the function ilP'{x): probability density of the events in space-time, instead 
of the probability density of positions in space. The change of meaning 
corresponds to the logic of SR and predicts a new property of the RQP. 
Instead of stochastic dance of the particle, described by the flow of probability, 
we have probabilistic distribution of the particle appearance in space-time , 
which can not be, generally, represented by the motion in space. 

Knowing g{x), one can determine density 51 (x) of probability of positions 
X, gQ{x^) of time x^ , density of spatial coordinates at a fixed moment gi{'x./x^): 

5i(x)= j g{x)dx\ goix'') = I gix)dE, g^i^/x"^) = gix)/goix'>). 

(0,00) E 

Accordingly to it, we can proof distribution ([1]) without observing time 
but observing gi{x). 

4.1. Scalar Boson. Space U is one-dimensional, real or complex, density: 
g{x,t(j) = \Tp{x)\'^, \\tlj{x)\\ = 1, in a limited beam V. 

4.2. Vector Boson. WF of such particles is the vector u{x), mapping E 
into E, or into its complex analog E* . We have: n^ = u^ — (u^)'^. Euclidean 
space U is separated from E by condition: u^ > 0. For the latter, it is 
necessary and sufficiently that u'^ = in a fixed frame of reference x' . Thus, 
space U is defined accurate to transformation u' — > u, i.e. to vector v of 
speed of the system x relatively to x' . For massive boson x' is the system of 
coordinates related to the particle. Therefore, vector v is fixed, and space U is 
Euclidean section of the pseudo-Euclidean space E. Density: g{x, ij^) = u'^{x). 

Massless vector boson, photon, has not the system of coordinates related 
to the particle, but the lack of the system x', u'^ = is not follow from 
this. Moreover, if this system is available, then it is not the only, contrary to 
massive particle. Really, let's consider a fiat wave package such that its wave 
vectors are parallel to a vector k. Including Lorentz condition in the set of 
field equations provides: u'^ = u'^ = 0. Assuming v |t k, similar to massive 
boson, it is easy to make sure that density is defined: vP = v} = u'^ = u'^ = 



0, and space C/ is a plane with basis u^, u^, independently from |v|. I.e., 
calibration u^ = u^ = is invariant in subgroup v || k of the Lorentz group. 
It seems natural the following Postulate of photon: the system x', u'^ = is 
available. It determines the density g{x) = u^{x) and consistently minimizes 
distinction of bosons properties: the system of coordinates related to the 
particle in this case is absent, but its property u'^ = is kept in any system, 
moving in parallel to wave vectors. But it is obtained with destruction of the 
principle of gradient invariance of electrodynamics. The latter is confirmed by 
its experience. But all of it deals with values and distributions of tensions, 
energy, impulses, the moments and does not concern distributions of the 
photons coordinates. Only an experiment can determine alternative choice: 
either this principle is unapplicable here and ([1]) is valid, or ([T| is not valid 

4.3. Electron. U is Euclidean space with elements, u = {n"}, a = 
= 1,2,3,4, have transformational properties of the spinor, and (u)^ is time 
component of the vector. WF u{x) is usually considered as a trajectory in 
Hilbert space H(V) with norm L2(V): 

2 V^I„.o|2 



|u(t,x)f = fu^{t,x)dE; u"^ = J2 1^' 



It satisfies the Dirac's WE, and ||'u(t,x)|| is its dynamic invariant. These 
properties give the bases for equation: u^{x) = g{x/x^), ||u(t,x)|p = 1, |2]. 
Let us introduce a new WF ip{x), such that g{x) = go{x^)u'^{x) = Tp'^{x), 
\\iIj{x)\\'^ = 1. In virtue of WE and typical boundary conditions it coincides 
with u{x) accurate to normalization. We have: goix^) = const = 1/cT, ip = 
= {cTy^/^u, \\i^{x)f = 1. While T ^ oo, y ^ ^ the limit ||^(x)f is 
defined here, if similar integral over E is defined. Densities g{x), gi{x/x^) 
coincides accurate to normalization. They can be constructed both observing 
X, with parameter x , and observing directly x. 

5. Observation of energy-impulse 

Let us begin consideration with real scalar boson, WF of which is defined 
in a finite beam V C E. Observable value y is a vector of 4-impulse p = 
= (p^jP) € E. Its average is a dynamic invariant, quadratic form in H. 
Their eigen WF form a family: ipk = a^ exp{ipi^x/h) with parameters a^ > 0, 
Pk G E, is known discrete row, p| = — (mc)^, values ak are defined by 
normalization "particle in unit volume", and distribution is described in 
terms of average quantities of particles n^ with given 4-impulse pk as a 
prototype of QF. More precisely, Uk is an average number of the measurement 



sessions with result pk- In respective space I2 of coefficients C = {Ck} of 

decomposition V' = 22^^^'^'- ^^ ~ \^k\'^ ■ "^'^'^ under an additional condition 

k 
\\C\\ = 1 it is the unconditional distribution of probability of a individual 

particle occurrences in space of the impulses, the relativistic invariant. The 

traditional distributions coincide with the latter accurate to normalization, 

but they are attributed with the sense of conditional distribution at the 

moment of time t. This sense contradicts their relativistic invariance, and 

moreover, generates the known contradiction, [Tj: it requires instant fixing 

of an impulse at measurements, whereas restrictions of accuracy of RQP 

observation require a long fixing. In case of complex WF the charge is added 

to energy and impulse, and in multicomponent case spin is added. Let us 

emphasize, that presence of negative frequencies in decomposition of WF 

and, accordingly, observation of a (individual) particle with different values 

of charge in fixed pair of sessions, is admissible, but not pair occurrence 

(such results are not taken into account). It does not contradict the laws of 

conservation which should be carried out only on the average. But it can be 

limited by external for QM laws, us law of the electric charge conservation. 

6. Quantum Field . The occupation of space-time 

New properties of RQP are transformed as applied to the QF in the form 
of characteristics of the particles distributions into the space-time. A suitable 
foundation for this: the Dirac's and Jordan's conception of QF as a system 
of identical particles, [2j. Let's consider a system of the N identical particles 
with common wave functions -(/^(x) C HiV). Let y = {yk} be set of the QP 
observables and {y) = {Y^} is this of the system. Let {V^j} be the eigen basis 
of some physical quantity; n = {rn} be the set of its occupation numbers, 
nj = 0, 1, 2, . . . , A^; $(n) be the symmetrized (respectively, antisymmetrized) 
WF of the system expressed in terms of n. 

On observation procedure. The operations of the system realization in 
identical physical conditions corresponding to given WF have been defined. 
A single session of observation is being performed over each realization 
during the time T. In each session appears, in general, not simultaneously, A^ 
particles. In doing so, for every particle is fixed value y. Aggregate characteristics 
of the system are expressed directly through these values. For each WF their 
averages (y)($) corresponding to infinite set of sessions are defined. The 
time is excluded from the process of observation as a parameter. 

Formal description. WF $(n) maps a set of values n onto complex Euclidean 
space T with the elements 7 and product 7172 and is considered as an element 



of a Hilbert space with the product (<I>i,<I>2), normahzed: ||$(n)|p = 1. 
The averages {Y){^) are the HQF: {Y){^) = ($,A$), A — corresponding 
operators. In particular, P{Q,^) = ($(n), /(n)<I>(n)), where f{n) = 1, n G 
G Q, f{n) = 0, n ^ Q, is probabihty of the event n € Q. Second quantization 
reproduces nonrelativistic analog, including, in addition to ^(n), operators 
of the disappearance and the birth of particle Oj, af and they attributed to 
a point rr, — wave operators (WO): 

^{x)=Y,M^h^, *+(x) = 5^V*(2;)a+; (2) 

i i 

with the follow differences: WO as functions of x are defined in H, but not 
in H, and time is included in them symmetrically with spatial coordinates; 
formalism must be relativistically invariant; if {ipi} is a collection of the 
plane waves, then this basis is "doubled" in virtue of the appearing states 
with negative frequencies and, accordingly, — additional feature of QP, the 
charge, and the related components in ([2)) gain an unified view: '4ji{x)ai = 
= xpf{x)bf , Tpf{x)af = 'ijji{x)bi, where bi, bf , are operators of the appearance 
and the birth of these particles. Also the synthesis technique of the operators 
A = {Afc} of the system characteristics Y = {ifc} is reproduced, including 
a rule: we record the average for an individual particle, and produce the 
replacement: 



^* ^ qi+(x), A = (y) (^+(x), ^{x)) . 

In this product WO are considered as the elements of H. Respectively: 
(y)($) = (<1>,A$). Let {tpi}, be the eigen basis of the observed, and Pi 
be probabilities of the corresponding values yi when an individual RQP is 
observed (or corresponding average numbers of measurements). Then without 
using WO and ^ and making replacement Pi -^ rii, we may write down 

A = ^ni2/,; {Y){^) = U,Y,yini'^j =^y.(n,); 

i i i 

{rii) — the average occupation numbers. 

Operators characterizing the coordinates distribution of particles are 
lacking in RQM, as for the individual RQP, and ([T]), ([3]) fill this gap. 

Operator A{Q) of the particles amount in a domain Q C E is the follow: 

A(Q) = (^+(x),/(x)*(2;)) = [ ■^+{x)-^{x)dE, (4) 



where f{x) = 1, x G Q, f{x) = 0, x ^ Q. Operator A(Q) of the particles 
amount in a domain Q C E coincides with operator A(Q), Q = Q x 
(0,T) C E. The average ocupation number of the domain Q : {N){Q,^) = 

(a>,A(g)$). 

Let S(V'*,'0) = {tp,Lstp) be action functional of QP, and 5'($*,$) = 
= (<1>, As$) — of the system. Varying the latter with respect to <l'*(n), we 
get the following WE: 

A,$(n) = 0, A, = {^+{x), Ls^{x)) . (5) 

Let now the number N be not fixed but varies from session to session. 
This is consistent with the model of QF in the corpuscular concept with an 
accuracy of the non-observed characteristics of the vacuum state. WF should 
now be symmetrized also in A'^, [2||. And the rule ^, and respectively the 
concrete representations of operators A, including A(Q), remain valid as well 
as WE. 

6.1. Relativistic invariance of the field description. The number 
of particles in a given state is a result of observation, which does not depend 
on the choice of coordinates. Accordingly, a set of occupation numbers is 
relativistic invariant, as well as operations on them Cj, af . Therefore, WO 
have relativistic transformation properties of the particle WF ijj, and operators 
A have properties of their analogues L. Furthermore, 






But ($, $) is invariant, as a corresponding value of the probability measure, 
as well as operators afaj. Thus, {^,afaj^) are invariants too, and the 
form ($, A$) possesses the relativistic transformation properties of the form 
{ip,Lip). This description is fully invariant, unlike decomposition of field 
into system of the oscillators, which is invariant in general, but contains 
noninvariant fragments. Also this decomposition is not suitable to description 
of the coordinates distributions. 

6.2. Representation of the Quantum Field Characteristics in 
Terms of Occupation Numbers of the Impulse States. Let {^j(a;)} 

be the eigen basis of impulse, of spin and of charge. With regard to energy, 
impulse, spin, charge ([3|) provides the textbook operators. Operator A(Q) of 
the particle amount in the domain Q C E was given with ([4]), where basis 



{tlji{x)} in WO should be renormalized: ||'(/'j(a;)|P = 1 instead of "particle in 
the unit volume". Let write ([4} for the concrete particles. 

Scalar neutral boson, ai = hi, ^+(x) = ^(x); A(Q) = (1/2) J '^'^{x)dE. 

Q 
Photon. In framework of model of item 4.2: ^"^(x) = ^(x) = 

= (*2(a;),*3(^)); A(Q) = {1/2) j ■^'^{x)dE. Here the WO \^2(x), -^^ix) 

Q 
correspond to the components of basis u^, u^. 

The scalar charged boson, ^(x) = ''^aiipi{x) + bfil)*{x), ^+(x) = 



5]a+^*(x) +6,Vi(x); A(Q) = J^+{x)^{x)dE. 



6.3. Representation of the Quantum Field Characteristics in 
Terms of Occupation Numbers of the Space — time Cells. Let 

introduce into consideration eigen basis of coordinates. For unification with 
discrete basis of the impulse we make it at a prelimit level of Riemann integral 
sums. We split the beam V into collection of beams v{^) having volumes 
w{^), every of them marked with belonging to one value x = ^. Define a set of 
functions ip{x,^) with ^ parameter: 'i(;'^{x,^) = w~'^{^), x G v{^); ip{x,^) = 0, 
X ^ v{^). Approximate ip{x) with step-function tp'{x) = tp{^), x G v{^). 
Functions tp{x, ^), ^p'{x) are the elements of finite-dimensional subspace H' C 
H{V) with orthogonal basis ^(x,^) with accuracy of approximation: 



w{0 ^ 0. 

P(Q,^'(x))= U'\x)dE = Y,P{0, P{0=^HOMO. 
Q' « 

Here Q' is the minimal set of beams v{^) covering Q. Accordingly, complete 
the second quantization apparatus to the eigen basis of coordinates ^(x,^): 
n = {n{£,)} — the set of occupation numbers of the beams f(^), n(^) = 
= 0, 1, 2, . . . , A^. Making the replacement P{i) — > n.(^), we obtain the operator 
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A'{Q) of the particles amount in the domain Q' C E: 

A(Q') = J^'+{x)^'{x)dE = Y^niO, e : KO S Q'; 
Q' « 

n(^) are acting as eigen values of operator A'(Q). The average amount of 
particles in Q': 

{N)iQ',<^)= U(n),^n(0^(n)j =J2i^iO), ^ ^0 G Q'; 

where {n{^)) is average particles amount in v{^). 

6.4. An Individual Particle as a Quantum Field subsystem. 

Let consider an individual particle with WF ■4'{x) in terms of the second 
quantization as subsystem A^ = 1 of the system "QF". We define it in the 
following way: we observe a QF, and only the sessions of QF, that bring 
out iV = 1. We have: n = (0, 0, ... 0, 1, 0, ...),«* = 0, 1. The term "identical 
particles" loses its meaning, and WF $(n) does not contain the permutation 
operator. We find an average amount of particles in domain Q C E : 
{N){Q,^) = (<1>, A'((5)<&), using the finite dimensional approximation given 
above, {tpix, S,)} — is the eigen basis of the observed. To every n corresponds 
the event x{n) E E. Identify the point x{n) with the mark ^ of the beam 
v{S,). We have: WF <l>(n) = 'ip{x{n)) map the set of all n into U. In agreement 
with JD) should be put (<l>i,<l>2) = Y^iin)^2{n)w{^ = x{n)). We have: 



2^n) 



||cl>(n)||2 = 1; {N){Q, CD) = ($, A'(Q)$) = ^ci> 

n 

^ Q 

n:x{n) eQ,C:v{^) G Q'. 

Thus, this function $(n) meets the definition of WF, and observing such 
subsystem of QF gives the probability density ([T]) of the individual particle. 

7. About Relations of Uncertainties and Observation 
Accuracy Estimates 

In non-relativistic QM the Heisenberg relations of uncertainties are the 
effects of the statistical postulates described above. Within the framework 
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of traditional model of relativistic QP they no longer have this theoretical 
basis due to the absence of the required law of the coordinates distribution. 
Nevertheless, they are used in the same way, strictly speaking, now as an 
independent postulate. In the model considered these relations obtain substantiation. 
Therewith, while in non-relativistic QM the relation coordinate-impulse and 
time-energy are deduced in different ways and have different sense, [3] CTp. 185 - 
188, but herewith, they possess full formal and semantic symmetry. Theoretical 
bottom threshold of uncertainty of coordinates: Ax > Axmin = ^c/e (e — 
energy), caused by these relations and absence of the QF effects (for photon 
this is an order of its wave length), loses validity, because under the observation 
in framework of our procedure QF effects are admissible. This theoretical 
bottom threshold is replaced with the minimal practically acceptable value 
of probability of the individual particle fixing under the observation of QF. 
It is required to give a special interpretation of the uncertainties relation 
time-speed-impulse vAtAp > h, and a derived from it relation of impulse 
observation accuracy with duration of an observation session AtAp > h/cAt. 
First of all, does the concept "QP speed" make sense in the given model, and 
if yes, which one? 

8. Material for the experiment 

It provided by the new properties of RQP and QF being predicated here: 
the probability density formulas for various types of RQP coordinates and 
formulas for distributions of amounts of particles into space-time for QF. 
The simplest variant to check the latter: to locate WF $ at eigenbasis of 4- 
impulse, to calculate the corresponding theoretical {N){Q, $) and comparing 
it with directly measured {N){Q,^). A significant new feature of the model 
observation: nonconditionality of the measure from the moment of time t. For 
a time T the repeated reactions of particles with instrument of observation 
are possible, and respectively — nonuniqueness value y when measurement. 
The latter should be eliminated in any way. Unlike textbook views, an 
individual RQP observation under procedures described are not burdened 
with problem of preventing effects of QF. The particular interest represent 
the photon coordinates observation. From one side, it is ideally provided the 
uniqueness of the collision with the particle-device as far as it disappears 
under the reaction. From the other side the validity of ^ for it is stipulated 
with the additional postulate, which is alternate to electrodynamic principle 
of gradient invariance. And an experiment will determine the alternative: 
either the given principle is invalid here, and the ([TJ is valid, or our postulate 
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of photon is invalid, and it's coordinate distribution is not determined. 

9. Conclusions 

When the statistical part of RQP has been included in logic of the 
SR sufficiently fully, there appears, despite common opinion, a theoretical 
possibility to preserve informative proper-ties of the WF in the extent comparable 
to non-relativistic QM. There appears a theoretical op-portunity to observe 
spatial-time coordinates of the RQP, and the presentation of the probability 
density g{x) = ip{x)'^ satisfying all necessary requirements gets defined. 
Here WF ^p{x) maps space-time E into Euclidean space U, characteristic for 
each type of particles: boson, real and complex, scalar and vector, including 
photon, and electron. In application to photon this formula of the density is 
conditioned by an additional assumption, that is alternative to the electro- 
dynamic principle of gradient invariance. Density g{x) in a simplest case 
is formally alike the density of the probability of non-relativistic particle's 
coordinates, but has other content: other observation conditions, other properties, 
other interpretation of density. Observation sessions are not caused by moment 
t, i.e. time is excluded from the observation process as a parameter, but is 
present in the argument x and the observable value y = x. Density now is 
relativistic invariant. Instead of stochastic dance of the particle, described 
by the probability flow with spatial density /(t,x) = |V'(t,x)p, we have 
probabilistic distribution of particle's appearance in space-time with density 
g{x), not resulted, in general, to motion in the space. In a simplest case the 
idea of such distribution of coordinates was considered in [^, and [5] is a short 
version of this paper. The interpretation of distributions of energy-impulse of 
RQP is also clarified here. Relations of uncertainty of Heisenberg are the yield 
of the postulates of non-relativistic QM. In the frame-work of traditional 
model of RQP they no longer have this theoretical rationale, as there is no 
law of coordinates' distribution, necessary for that. These relations obtain 
the justification in the model considered. An observation procedure, filtering 
effects of QF, have been proposed and justified. Respective restrictions of 
the RQP observation precision, caused by these effects, are abandoned. As 
applied to the QF, this new constructs are transformed to new characteristics 
of the particles distribution in space-time, which complete distribution throughout 
impulses. The operators of these distributions and the invariant relativistic 
description for free QF have been obtained. 

Abbreviations: Quantum Particle — QP; Wave Function — WF; quantum 
mechanics — QM; relativistic QP — RQP; Special Relativity — SR; Hermitian 
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Quadratic Form — HQF; Wave Equation — WE; Relativistic QM — RQM. 
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BojiHOBaa cJjyHKi^na HacTHij;bi h pacnpe^ejieHHa KOopflnnaT b 

pejIHTHBHCTCKOH KBaHTOBOH TCOpHH 

B.O. KpOTOB 

HHcmumym npo6jieM ynpaejieHu.n Poccuuckou anadcMUU nayn, 
npcHpcomsHan, 65, 117997, MocKea, Poccuh 
O ' (AaTa: Anpejit 24, 2008) 

OnnCBIBafOTCH yCJlOBHH Ha5jIfOfleHH5I KOOp^HHaT e^HHHHHOH HaCTHI];BI, ^HKTyeMBie JIOrHKOH 

cnei(HajibHoiS xeopHH OTHOCHTejiBHOCTH H (jjHjibTpyroniHe scJi^ieKTbi KBaHTOBoro nojia. HaxoflHTca 

06lI];a5I CB5I3B COOTBeTCTByfOmeft njIOTHOCTH BepOHTHOCTH C BOJTHOBOH 4)yHKLtHeH. 3t0 — pejTHTH- 

BHCTCKHiS HHBapHaHT, OHHCbiBaiomHii BepoaTHOCTb noaBjieHHiS iacTHi(bi B npocTpaHCTBe-BpeueHH. 
Ona K0HKpeTH3HpyeTca fljia 5o30Ha, HeftTpajiBHoro h sapajKeHHoro, CKajiapnoro h BeKTopnoro, 
BKjiKiiaa cJjOTOH, sjieKTpoHa. OTHomeHHa HeonpeflejieHHOCTeiS FeiSseHSepra nojiyiaroT oSocHOBa- 

HHe npHMGHHTejlBHO K pejiaTHBHCTCKOH HaCTHI];e. npHMGHHTejlBHO K KBaHTOBOMy nOJIfO 9TH KOH- 

Pj ' CTpyKijHH TpaHc4>opMHpyiOTca B HOBbie xapaKTepHCTHKH pacnpeflejieHHa lacTHu; b npocTpaHCTBe- 

y , BpeMGHH, ^onojiHafomne TaxoBBie flJia HMnyjiBCHBix cocToaHHH. nojiyneHBi onepaTopBi 9thx pac- 

^H' npeflejieHHiS fljia CBoSoflHbix nojieiS h pejiaTHBHCTCKH-HHBapHaHTHoe onacaHHe nocjieflHHx. 3th 

HOBBie CBOHCTBa HacTHu; H nojieft npe^jiarafOTca ^Jia BKcnepHMGHTajiBHoro HCCJie^OBaHna. 

> 

en 

_. • ■ 1. BBe^eHHe 

'NT ■ 

QQ ' B MOflejIH KBaHTOBOH CHCTeMbI, H B HaCTHOCTH, HaCTHI];bI (KH) , CHHTe- 

^D ■ SHpOBaHbl fleTepMHHHpOBaHHaH flHHaMHKa BOJIHOBOH 4)yHKI];HH (BO) H CTa- 

THCTHHecKaa cbhsb HOCjieflHeii c Ha6jiio/];aeMBiMH BejiHHHHaMH: flHHaMHne- 
CKaH H CTaTHCTHHecKaH HacTH onncaHHH KM. Ecjih nepsaH bhojihc (Jaop- 
^ ■ MajiHSOBana, to npo6jieMBi BTopoii ^jih pejiHTHBHCTCKOH KM (PKM) npn- 

sejiH K o6meMy Mnesmo, hto "b nocjieflOBaTejitHOit pejiHTHBHCTCKoii Ksan- 
TOBOii MexaHHKe KOopflnnaTBi HacTHu; BOo6n],e ne MoryT cJjHrypnpoBaTB b 
KanecTse flHHaMHHecKHx nepeMCHHtix, ... a BO KaK hochtcjih HHcJjopMai^HH 
He MoryT (JjHrypnpoBaTB b ee annapaTe" [I], CTp. 16. 3th npo6jieMBi: OTcyT- 
CTBHe (JjopMajibHBix KOHCTpyKi];HH, onncBiBaromnx pacnpeflejieHHH KOopflH- 
HaT, H orpaHHHeHHOCTB npHMeneHHH mo^cjih BBH^y scJ^Jjcktob KBaHTOBoro 
nojiH (KIT). ^o6aBHM: yTpa^HBaiOT TeopeTHnecKoe ocHOBanne OTHomeHHH 
HeonpeflejieHHOCTeft reH3eH6epra, nocKOJiBKy Heo6xoflHMBiH ^jih hx BtiBO^a 
saKOH pacnpeflejieHHH KOopflnnaT OTcyTCTByeT. S^ecB noKasBiBaeTca, hto, 
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BOnpeKH CJIOJKHBineMyCH MHCHHIO, npn ^OCTaTOHHO HOJIHOM BKJIIOHeHHH CTa- 
THCTHHeCKOH HaCTH PKM B JIOrHKy Cnei];HajIE.HOH TeOpnH OTHOCHTejIBHOCTH 

(CTO), o6e 3TH npo6jieMbi Haxo^HT pemeHne, coxpanaiOTCH HHcJjopMaTHB- 

Hbie CBOHCTBa BO B 06'beMe, CpaBHHMOM C nepejIHTHBHCTCKOH KBaHTOBOii 

MexaHHKoii (KM) h HMeroTCH npoi];e/];ypbi Ha6jiK)/];eHHH nacTHi^ti, (JjHjibTpy- 

IOII],He 34)4)eKTbI KBaHTOBOrO nOJIH (Kn). IIoMHMO 06bIHHbIX yCJIOBHH, 3T0 

BKjiioHeHHe Tpe6yeT KoppeKi];HH nojiHoro Ha6opa Ha6jiioflaeMbix h npoi^e^yp 
Ha6jiio/];eHHH. Hs nocjieflnero cjie^yeT h KoppeKi];HH Tpe6oBaHHH KOBapnanT- 
HOCTH. IlojiyHeHbi BbipajKeHHbie nepes BO KOHCTpyKi^nn, o6jiaflaK)mHe Bce- 
MH Heo6xo/];HMbiMH CBOHCTBaMH BepoHTHOCTHbix pacnpeflejieHHH Ha6jiioflae- 

MblX, BKJIKJHaH KOOpflHHaTbl HaCTHI];bI. IljIOTHOCTb BCpOHTHOCTH nOCJieflHHX 

B npocTCHinHx cjiynaax (JjopMajibHO noflo6Ha ee nepejiHTHBHCTCKOMy anajio- 
ry, HO HMeeT hhoc co^epjKaHHe: HHbie ycjiOBHH Ha6jiK)fleHHH, HHbie CBoiicTBa, 
HHOH CMbicji. CeaHCbi Ha6jiiofleHHH ne o6ycjiOBjieHbi momchtom BpeMCHH, t. e. 
BpeMH HCKjiioHaeTCH H3 npoi];ecca Ha6jiio/];eHHH b KanecTBe napaMCTpa, ho 
npHcyTCTBycT b cocTaBe apryMCHTa BO h Ha6jiioflaeMbix; cooTBCTCTBeHHO, 
njiOTHOCTb Tenepb — pcjihthbhctckhh HHBapnaHT; bmccto CTOxacTH^ecKO- 
ro TaHi];a nacTHi^bi, onncbiBaeMoro hotokom bcpohthocth, HMeeM BepoHT- 
HOCTHoe pacnpeflejieHHe noHBjieHHH nacTHi^bi b npocTpancTBe-BpeMeHH, ne 
CBOflHMoe, Boo6me, k flBHJKeHHK) B npocTpaHCTBC. Ha 3T0H 6a3e noflTBep- 
jKflaiOTCH fljiH PKM OTHomeHHH HeonpeflejieHHOCTCH. IlpHMeHHTejibHO k KIl 

3TH HOBbie KOHCTpyKI];HH TpaHCCjjOpMHpyKJTCH B HOBblC XapaKTCpHCTHKH paC- 

npeflejieHHH HacTHu; b npocTpancTBe-BpeMeHH, flonojiHHiomHe TaKOBbie ^jih 

HMHyjIbCHblX COCTOHHHH. 

2. HepejisTHBHCTCKaa MacTHii;a 

IlocKOjibKy CTaTHCTHHecKaa nacTb flocTaTOHHO (JjopMajinsoBana tojibko 
fljiH nepejiHTHBHCTCKOH KM, TO HanneM c (JjHKcai^HH Heo6xoflHMbix s^ecb ee 
fleTajieii, orpaHHHHBniHCb 6eccnHH0B0H KM. IlycTb x = {x*} = {x^,x'^,x^) — 
BeKTop npocTpancTBeHHbix KOopflnnaT nacTHi^bi, sjieMeHT cooTBeTCTByro- 
mero SBKjiHflOBa npocTpancTBa E. KoMnjieKcnaa BO V'(x) onpeflejiena na 
E H paccMaTpHBaeTCH KaK sjieMenT rHjib6epT0Ba npocTpancTBa H c Hop- 

MOH -L2(E) H COOTBeTCTByiOmHM npOHSBe^eHHeM (V'l) V'2) = / V'l(3^)V'2(^)^-^) 

E 
dE — sjieMeHTapHbiH o6TDeM E, * — snanoK KOMnjieKCHoro conpHJKeHHH. KaK 

npaBHjio, BO cJjHHHTHa b neKOTopoM Ky6e V C E: ^(x) = 0, x ^ V, h stot 

Heco6cTBeHHbiH HHTerpaji onpe^ejieH sjieMeHTapno. 3bojik)i];hh BO ^(t, x) 

Ha HHTepBajie (0, T) onncbiBaeT flBHHceHHe KM. Ona y^OBjieTBopaeT ypaB- 

HeHHK) IIIpe^HHrepa, npn^eM ||V'(i,x)|| — ero flHHaMHHecKHH HHBapnaHT, 



HOpMHpOBaHHblH yCJIOBHCM ||V'(i,x)|| = 1. 

K npox^edype uaSAwdeMUH. IlojiHaH coBOKynnocTt. Ha6jiio/];aeMBix y = 
= {yi} — jih6o BCKTop X, jih6o HMnyjiBC. IlycTB onpe^ejieHBi onepai];HH pe- 
ajiH3ai];HH flBHJKenHH KM b TeneHne BpeMenn T b TOJKflecTBeHHbix (Jdhshhc- 

CKHX yCJIOBHHX, OTBeHaKJmHX flaHHOH 3B0JIK)I];HH bo 1p{t,X.). Hafl KaJKflOH 

peajiH3ai];HeH b saflanHBiii momcht BpeMCHH t npoBOflHTca eflHHCTBeHHBiH ce- 
anc Ha6jiio/];eHHH (saMep). SnaHeHHH y b KajK^OM ceance onpeflejienbi, a npn 
Hx noBTopeHHH — cjiynanHBi. ^onycTHMO h Ha6jiiofleHHe TpaeKTopHH y{t) b 
cjiynaHx, Kor^a ohh OTOJK^ecTBHMBi c BpeMennbiM pH^OM pesyjiBTaTOB sa- 

MepOB HeSaBHCHMblX peajIH3ai];HH. ^JIH KaaCflOH (JjHKCHpOBaHHOli cJjyHKI^HH 

tp{t,x) H KajKfloro t onpeflejieHbi cpe^Hne (y) [tp(t,x)] = {{yi){tp)}, cootbct- 
CTByiomne 6ecK0HeHH0My Ha6opy saMepoB. 

K (popMaAhHOMy onucaHUK). Cpe^HHe cyTb spmhtobbi KBa^paTHHRBie 
(JjopMBi (3KO) B H: {yi){tlj) = {\l^,Li\l^), Li — cooTBCTCTByiomHH onepaTop 
(onepaTop i-it Ha5jiK)/];aeM0H) . Ecjih y = x, to nocTyjinpycTCH najiHHHe njiOT- 

HOCTH BepOHTHOCTH /(t,x) H CJICflyiOmaH 66 CBH3B C BO: /(t,x) = |^(t,x)P, 
H C00TB6TCTB6HH0, — M6pa B6pOHTHOCTH: P{Q/t) = P [Q, ^'(i, x)] = 

= / |V'(t,x)p(iE, Q G E. Ecjih y — HMnyjibc, to nocTyjinpycTCH paBCH- 
CTBO (y)[V'] = J (4^), rfle npaBaa nacTb — cooTBCTCTByiomHH flHHaMHHecKHH 
HHBapnaHT bojihobofo ypaBHeHHH (BY), 3K<1>. B stom cjiynae Mepa Bepo- 
HTHOCTH P{Q, i^) Ha HOflMHOHcecTBax Q npocTpaHCTBa Ha6jiio/];aeMBix bbi- 
pajKacTCH HSBecTHbiM o6pa30M nepes KOMnoneHTbi cneKTpajiBHbix (JjyHKi^HH 
onepaTopoB Lj. 

IlMeKJTCH HCKjiKJHeHHH H3 npaBHjia ip G L2(E), Kor^a HopMa He onpe^e- 
jiena h ne yflOBjieTBopaeTca ycjiOBne P(E, i/^) = 1. Ho onpe^ejieHBi othoch- 

TejIbHBie BepOHTHOCTH P{Ql,1p)/P(Q2,Tp). OtMCTHM TaKJKC, HTO B JIK)60M 

(JjHKCHpoBaHHOM Ky6e V C E BO cctb sjicmcht rHjib6epT0Ba npocTpancTBa 

H(V) C HOpMOH L2(V). OHKCHpya 3fleCB IIV'II = 1, MOJKHO COXpaHHTb 3a 

P{Q,ip), Q C V, CMBicji Mepbi BepoHTHOCTH Ha6jiK)/];eHHH ho3hd;hh X, a 3a 
/(t, x) — ee HjiOTHOCTH, HpH cjicflyiomeH noHpaBKC k HpoD;eflype Ha6jiio/];e- 

HHH: yHHTBIBaWTCH TOJIBKO CCaHCBI, H0Ka3BIBaK)mHe X G V. 

3. PejiaTHBHCTCKaa HacTHu;a. 06iii;ee onncaHHe MO^e- 

JTH 

IlycTb E — flencTBHTejiBHoe nceBflosBKjiHflOBO npocTpancTBO c Koop- 

flHHaTHBIM BCKTOpOM X = {x"} = (x'^jX), X G E; x'^ = Ct, t — BpCMH, 
C — CKOpOCTB CBCTa; MCTpHHeCKHH TeH30p 6 = {Cq^} — flHarOHajIBHBIH: 

eoo = —1, en = 1, i > 0. Ha KOHennoM 6pyce V = (0,cT) x V C .E 



onpeflejiena BO ij{x), OTo6pajKaion],aH V b 3bkjih/];obo npocTpancTBO U, 
m-MepHoe, fleitcTBHTejibHoe jih6o KOMnjieKCHoe, c sjieMCHTaMH u h npons- 

m 

BefleHHCM U1U2 = /^('U*)i^2- Osa y^oBjieTBopHeT cooTseTCTByromeMy BY 

1 
H paccMaTpHBaeTCH KaK sjieMCHT rHjiB6epT0Ba npocTpancTBa H(V) c Hop- 

Moii ||V'(x)|p = u^dE, u = '4>{x), clE = dx'^dE (nopMy npocTpancTBa H 

V 

0603HaHaeM ||V'(t,x)||) H COOTBCTCTByiOmHM npOHSBefleHHCM (V'1,^2)- ,^JI3 

KajKflOH BO onpeflejieHbi TOJKflecTBeHHbie (JjHSHHecKne ycjiOBHH, b kotopbix 
Ha6jiio/];aeTCH PKH. 

npov,edypa Ha6A'K)deHun BOcnponsBOflHT TaKOByio ^jih nepejiHTHBHCTCKOH 
KM CO cjie^yiomHMH otjihhhhmh. 3aMep ne o6ycjiOBjieH momchtom BpeMe- 
HH t. To ecTb BpeMH HCKjironaeTCH h3 npoi];ecca Ha6jiK)/];eHHH b KanecTBC 
napaMCTpa, ho npncyTCTBycT b cociaBe apryMCHTa x h, bosmojkho, Ha6jiio- 
flacMOH y. HcKjnoHCHHe oco6oh pojiH BpeMenn b saMepax — Heo6xo/];HMbiH 
sjieMCHT BHeflpeHHH jiorHKH CTO. 3aMep npoflOJiJKacTCH b TeneHne BpeMeHH 
T. OcTajiBHbie ycjiOBHH ocTaiOTca b chjic. FjiaBHoe h3 hhx: cymecTBOBanne 
H e^HHCTBeHHOCTb SHaHeHHH y npn saiviepe b hobbix ycjiOBHHx. Mbi o6cyflHM 
ero HHHce npHMCHHTejibHO k KOHKpeTHbiM Ha6jiio/];aeMbiM. HpeflnojiaraeTCH, 
HTO onpe^ejiena Mepa P{Q,'ip) ^jih KajK^oit BO, h cooTBCTCTBeHHO, cpe^Hee 

'PopMaAbHOe OnUCttHUe BOCnpOHSBO^HT TaKOBOe ^JIH HepejIHTHBHCTCKOH 

KM CO cjieflyiomHMH otjihhhhmh. 3KO {yi){tp) = {ip , Liil^) , h cooTBCTCTBen- 
HO, onepaTopbi Ha6jiK)/];aeMbix onpeflejienbi b H, a hc b H. XapaKTcpncTHKH 

y, H COOTBCTCTBeHHO, HX CpeflHHC, o6jiap,aK)T pejIHTHBHCTCKHMH TpaHCcJjOp- 
Mai];HOHHbIMH CBOHCTBaMH. IlpH 3T0M, P{Q, ^) — pCJIHTHBHCTCKHH HHBapH- 

aHT. IlocjieflHee cjie^ycT h3 paBCHCTBa {y){ip) = ^ ydP{'4)), nocKOJiBKy {y){tp) 

H y HMCIOT OflHHaKOByiO TCHSOpHyiO paSMCpHOCTB. PaSMCpHOCTB njIOTHOCTH 

BcpoHTHOCTH g{y, ip) onpcflejiHCTCH paBCHCTBOM dP = gdY = inv, r^e dY — 
sjieMCHTapHbiH 06'beM npocTpancTBa Ha6jiioflaeMbix. ^ajiee cjie^ycT flCTa- 

JIH3ai];HH MOflCJIH npHMCHHTejIbHO K KOKKpCTHblM Ha6jIK)flaeMbIM H THnaM 

HacTHu;. 

4. Ha6jiiofleHHe KOop/i;HHaT 

K npox^edype uadAfodeHusi. IlojiHbiH Ha6op Ha6jiioflaeMbix pacmnpHeT- 
CH flo: y = x; pesyjibTaT Kaacfloro sanepa — cJjHKcai^HH co6biTHH: nacTH- 
na noHBHjiacb b tohkc x npocTpaHCTBa-BpeivieHH E. CoflepjKaHne saiviepa: 
nycTb npH6op — sjieKTpoHHbiH MHKpocKon; nynoK sjiCKTpoHOB "npomynbi- 



saeT npocTpancTBO, h b neKOTopbiH momcht nponcxoflHT CTOjiKHOBeHne c 
HacTHi];eH-o6'beKTOM; oho, BOo6n],e, napymaeT ycjiOBHH Ha6jiio/];eHHH, otbc- 
Haiomne flanHOii BO (KpaHHHH cjiynaii — o6'BeKT-4)OTOH, HCHesaiomnii npn 

CTOJIKHOBeHHn) , nOSTOMy flOJIJKHO yHHTblBaTbCH TOJIBKO OflHO CTOJIKHOBCHHe; 

no3Hi];HH HacTHi];bi (JjHKCHpyeTCH tohkoh Ha SKpane, — cjie^OM e^HHCTBeHHO- 
ro pacceHHHoro sjieKTpona. ^jih hojihoh cJjHKcai^HH co6biTHH, Heo6xo/];HMa 

TaKJKe 4)HKCai];HH MOMCHTa CTOJIKHOBeHHH. YHHTblBaroTCH TOJIBKO ceaHCbi, 

noKasbiBaiomHe co6biTHe x G V, npHTOM e^HHCTBeHHoe. Ceancbi, napyma- 
romne 3to ycjiOBne, HCKjiiOHaroTCH h3 paccMOTpennH. IlpHHHHbi napyine- 
hhh: noKasanne x ^ V, Hee^HHCTBeHHOCTb CTOjiKHOBCHHii, scJxJjeKTbi KIl. 
CnpasefljiHEOCTb flonymennH nocjie^Hnx h hx (JjHjibTpai^HH TaKHM cnoco- 
6oM HeoneBHflHa, nocKOjibKy KM h KIT cyTb pasHbie CHCTCMbi. Ho sto TaK, 
CM. HHJKe, n. 6.4. B stom CMbicjie ^onycKacTCH Ha6jiK)fleHHe KIT. 
K (jjopMaAbHOMy onucanuH). BbipaaceHHe 

g{x)=^\x), ||V(a;)f = l (1) 

o6jia/];aeT bccmh Heo6xo/];HMbiMH CBOiicTBaMH hjiothocth bcpohthocth co- 
6biTHH X G y H npefljiaracTCH ^jih SKcnepHMCHTajibHOH nposepKH b stom 
KanecTBe. Oho cJjopMajibHO noflo6HO ero nepejiHTHBHCTCKOMy BapnanTy, ho 
HMecT HHoe coflepjKaHHe. Hnbie ycjiOBHH Ha6jiK)/];eHHH, nnbie TpanccJjopMai^H- 

OHHbie CBOHCTBa (pejIHTHBHCTCKHH HHBapHaHT) , HHOH CMblCJi: BCpOHTHOCTB 

co6biTHH B npocTpancTBe-BpeMeHH bmccto no3Hi];HH b npocTpancTBC. Hsivie- 
HCHHe CMbicjia cooTBCTCTByeT jiorHKe CTO h npeflCKasbmaeT hoboc cbohctbo 
KM. Bmccto CTOxacTHHecKoro Tani^a, onHCbmaeMoro hotokom bcpohthocth, 
HMecM BepoHTHOCTHoe pacnpe^ejieHHe cjiynanHbix noHBjieHHit nacTHi^bi b 
npocTpaHCTBe-BpeMCHH, He CBO^HMoe, BOo6n],e, k flBHHceHHio b npocTpan- 

CTBe. 

Snaa g{x), mojkho naiiTH njiOTHOCTb 51 (x) bcpohthocth hoshi^hh x, 
go{x ) — BpeMCHH X , npocTpaHCTBennbix KOopflnnaT b (JjHKCHpoBaHHbiit mo- 
MCHT KaK ycjiOBHyio gi{x./x^): 

<?i(x)= j g{x)dx\ goix"") = J gix)d-E, gi{^/x'>) = g{x)/goix'>). 

(0,00) E 

3to 3HaHHT, HTO npeflCKasbiBaeMBie pacnpe^ejieHHa mojkho npoBepHTb, ne 
Ha6jiK)/];aH BpeMeHHyro KOMnonenTy co6biTHH. 

SaMenaHHe. Ohhhthoctb BO ■ip{x) na V, Boo6n],e, ne coBMCCTna c BY, 
BO BCHKOM cjiynae, ^jih 6o30hob. 3to snaHHT, hto b saMepax bosmojkhbi 
noKasaHHH x ^ V , TaKJKC KaK noHBjieHne nap h flpyrnx scJjcJjeKTOB KIl. T. e. 



saKOH ([T]) onHCBisaeT ycjiOBHoe pacnpeflejieHne sepoHTHOCTH na H36paHHOM 
MHOJKecTBe saMepoB, r^e OTcyTCTByroT Taxne pesyjitTaTti. 

4.1. CKajiiipHbiH 6o30H. HpocTpaHCTBO U oflHOMepHoe, fleiicTBHTejiB- 
Hoe jih6o KOMnjieKCHoe, njiOTHOCTb: g{x,ip) = \tp{x)\ . 

4.2. BeKTopHbiH 6o30H. BO ecTB BCKTop m(x), OTo6pajKaion],HH E B E, 
jih6o b ero KOMnjieKCHBiii anajior E* . IlMeeM: u = u — (u ) . 3BKjiHflOBO 
npocTpancTBO U BBiflejiaeTCH ycjiOBHCM: u > 0. JXflsi nocjie^Hero Heo6xoflH- 

MO H flOCTaTOHHO: U = B KaK0H-JIH60 4)HKCHpOBaHHOH CHCTCMe OTCHCTa 

x' . HpocTpaHCTBO U TCM caMBiM OKasBiBacTCH onpe^ejieHO c tohhoctbio ^o 

npeo6pa30BaHHH u' ^ U, T. e. — flO BCKTOpa CKOpOCTH v chctcmbi x othoch- 

TejiBHO x' . ^JiH Maccuenozo 6o30Ha TaKaa cncTCMa x' cymecTByeT. 3to — ero 

CHCTCMa nOKOH. TeM CaMBIM BCKTOp V 4)HKCHpOBaH H npOCTpaHCTBO U eCTB 

3 MepHoe SBKjiHflOBO ceneHHe nceBflosBKjiHflOBoro npocTpancTBa E. IIjiot- 
hoctb: g{x,il)) = n^(x). 

EesMaccoeuu 6o30h, cfjomoH, ne HMeeT chctcmbi hokoh, ho OTCiOfla ne 
cjie^yeT OTcyTCT-Bne chctcmbi x' , u = 0. Bojiee Toro, b OTjinnne ot Mac- 
CHBHoro 6o30Ha, ecjiH Taxaa cncTCMa x' cymecTByeT, to ona ne eflHHCTBen- 
Ha. ^eiicTBHTejiBHO, BBiflejiHM cjiyHaii, Kor^a nojie cctb hjiockhh bojiho- 
Boii naKCT c bojihobbimh BCKTopaMH KOMnoneHT, napajijiejiBHBiMH BCKTopy 
k. Bkjiiohhb ycjiOBHe JlopeHi];a b cocTaB ypaBHCHHii nojia, h npeflnojiaraa, 
HTO BCKTop V napajiJiejiCH k, nojiynnM: u = 0. JlerKO y6eflHTBCH, hto 
u = u = u' = u = 0, T. e. npocTpancTBO U cctb nonepenHaa hjiockoctb 
C 6a3HCOM U^, U^ HeSaBHCHMO OT |v|. To eCTB, KajiH6poBKa u^ = u^ = 
HHBapnaHTHa na noflrpynne rpynnbi JlopeHi];a v || k. Ha ocHOBaHHH CKa- 
saHHoro npeflCTaBjiiieTCH ecTecTBeHHBiM floonpe^ejiHTB cJjotoh nocTyjiaTOM: 
cymecTByeT cncTCMa x' , u = 0. Oh HCKjnonaeT neonpeflejieHHOCTB BBipa- 
jKeHHH g{x) = u (x) B CHjiy ero rpaflHeHTHoii HenHBapnaHTHOCTH h o6ecne- 
HHBaeT ero nojiOHCHTejiBHOCTB. ^oonpe^ejiHeTCH na cJjotoh ([T]) h nenpoTH- 

BOpeHHBO MHHHMHSnpyeTCH paSJIHHHe CBOHCTB 6o30HOB: CHCTeMa nOKOH flJIH 

(JjOTOHa OTcyTCTByeT, ho ee cbohctbo u'^ = coxpanaeT i];ejioe ceMeiicTBO 
CHCTeM. Ho flocTHraeTca sto i^enoH OTKasa ot npHHi^nna rpaflneHTHOH hh- 
BapnaHTHOCTH sjieKTpoflHnaMHKH. HocjieflHHH noflTBepjKflen ee ohbitom (sa 

eflHHCTBeHHBIM HSBeCTHBIM HCKJIIOHeHHeM) . Ho BeCB OH CBHSaH CO SHa^eHH- 

HMH H pacnpeflejieHHHMH HanpHscenHOCTeit, sneprnH, HMnyjiBCOB, momchtob 
H He KacaeTCH pacHpeflejienHH KOop^HnaT 4)otohob. Tojibko SKcnepHMenT 
MOJKeT onpeflejiHTB ajiBTepnaTHBRBiH BBi6op: jih6o flaHHBiii npHHi^nn sflecB 
HenpHMeHHM, h CHpaBefljiHBO g{x) = u^(x), jih6o pacnpeflejienne KOopflnnaT 
(JjOTona ne onpeflejieno. 

4.3. 3jieKTpoH. HpocTpancTBO U 4-MepHoe, KOMnjieKcnoe c sjieineHTa- 



MH u = {u°}, a = 1,2,3,4, TpaHc4)opMai];HOHHt.ie CBOHCTsa sjieMCHTOB — 
cnHHopbi, a u^ — BpeMCHHaH KOMnoneHTa BCKTopa. BO u{x) = u{x^,x) 
paccMaTpHBaeTCH o6biHHO KaK TpaeKTopna b rHjiB6epT0B0M npocTpancTBe 
H(V). Ona yflOBjieTBopHCT BY ^npaxa, npHHCM ||ti(x°,x)|| — ero flnnaMH- 
necKHH HHBapnaHT. 3th CBOitcTBa flawT ocHOBannH p/ia paBencTBa: u (x) = 
= g{x/x^), ||u(t,x)|p = 1, p|. BBCflCM HOByio BO ip{x), TaKyio hto g{x) = 
= gQ{x^)u'^{x) = ip'^{x), ||^(x)|p = 1. B CHjiy BY ona coBna^aeT c u{x) c 
TOHHOCTBK) flo HopMHpoBKH. HivieeM: go{x^) = const = l/cT, ijj = {cT)~^''^u, 
\\'tp{x)\\'^ = 1. IlpH T ^f oo, V —^ E npe^eji ||'i/'(2;)|p sflecB onpe^ejieH, ecjin 
onpe^ejieH anajiorHnHbiH Heco6cTBeHHbiH HHTerpaji no E. HjiOTnocTn g{x), 
g{x/x ) coBnaflaroT c tohhoctbk) flo HopivrapoBKH n MoryT CHHTesnpoBaTbCH 
KaK nyTCM Ha6jnoflenHH x c rr b KanecTBe napaMCTpa, Tax n nenocpe^CTBen- 

HO X. 

5. Ha6jiiOfleHHe aneprHH-HMnyjibca 

IlycTB KM — flencTBHTejitHbiH CKajiapHbin 6o30h. Ha6jnoflaeMaH — bck- 
Top 4-HMnyjiBca p = (p , p) E E. Ero cpeflnee ecTb cooTBeTCTByromnit flnna- 
MHHecKHH nnBapnanT, 3KO b H. Co6cTBennbie BO o6pa3yiOT ceMencTBo: 
V'A; = o-k exp(ipfcx/?i) c napaMCTpaMH ak > 0, pk £ E — HssecTHbin ^hc- 
KpeTnbiH pHfl, Pf^ = —{mc) , snanenna a^ onpe^ejiHiOTCH nopMnpoBKon "na- 
CTHu;a B eflHHHHHOM o6TDeMe", H pacnpeflejienne onncbiBaeTCH b TepMnnax 
cpeflHHX KOjinnecTB nacTnu; n^ c ^annbiM 4-HMnyjibCOM pk b KanecTBe na- 
rjiHflHoro nojiy4)a6pHKaTa KBanTOBoro nojia. A Tonnee, n^ — cpe^nee ko- 
jiHHecTBO saMepoB c pesyjibTaTOM p^. B cooTBeTCTByromeM npocTpancTBe I2 
K034)4)Hu;HeHTOB C = {Cfc} pasjiOHcenHH ^p = /_^,C'fcV'A;: ^k = |Cfcp, a npn 

flOnOJIHHTejIbHOM yCJIOBHH ||C|| = 1 9T0 — pejIHTHBHCTCKH-HHBapnaHTHOe 

6e3ycjiOBHoe pacnpeflejienne BepoHTHOCTH noaBjiennit eflnnnHnon nacTHu;bi 
B npocTpancTBe 4-HMnyjibcoB. XpecTOMaTnnnbie pacnpe^ejiennH conna^aiOT 

C nOCJieflHHMH C TOHHOCTbK) flO HOpMHpOBKH, HO HM npHnHCblBaeTCH CMblCJI 

ycjiOBnoro pacnpe^ejienHH b MOMenT BpeMenn t. 3tot cmbicji npoTHBopennT 

HX pejIHTHBHCTCKOii HHBapnaHTHOCTH, H KpOMC TOrO, nOpOJKflaCT HSBeCTHOe 

npoTHBopenne [1]: on Tpe6yeT MrnoBennoH 4)nKcau;nn HMnyjibca npn saMe- 
pax, Tor^a KaK orpannHennH tohhocth Ha6jiK)fleHHH PKM Tpe6yK)T npoflOJi- 
HcnTejibnoH 4)HKcan;HH. B cjiynae KOMnjieKcnon BO k sneprnn n HMnyjibcy 
flo6aBjiHeTCH sapa^, a MHoroKOMnoHeHTHOit — cnnn. IloflHepKHeM, hto flo- 
nycKaeTCH, BOo6n],e, h najinnne OTpHn;aTejibnbix nacTOT b pasjiOHcennn BO h, 
cooTBCTCTBeHHO, — Ha6jiK)fleHHe HacTHn;bi (e^HHCTBeHHon) c pasnbiMH sna- 
HeHHHMn sapHfla b (J^nKcnpoBannoii nape ceancoB, no — ne noHBjienne napbi 



(TaKHe noKasaHHH ne yHHTbisaiOTCH) . 3to ne npoTHsopenHT KsaHTOsoMy sa- 
KOHy coxpaHeHHH sapsifla, BtinojiHsieMOMy tojibko b cpe^HeM, ho MOsceT ne 
flonycKaTBCH BHeniHHMH fljiH KM saKonaMH, TaKHMH, KaK Bceo6n],HH saKOH 
coxpaHeHHH sjieKTpHHecKoro sapH^a. 

6. KBaHTOBoe nojie. SanojineHHe npocTpancTBa-Bpe- 

MeHH 

HoBtie CBOHCTBa PKM floonpeflejisiroTCH na KIT b bh^c xapaKTepncTHK 
pacnpeflejieHHH HacTHu; b npocTpancTBe-BpeMeHH. AfleKsaTHaH 6a3a ^jih 3to- 
ro: KOHi];eni];HH KIl KaK cooTBeTCTByromeii cncTeMbi TOJKflecTBeHHtix nacTHij; 
^Hpaxa H Hopflana, [2]. PaccMOTpnM CHCTCMy N TOHCflecTBeHHbix HacTHu; c 
OflHHaKOBOH BO ^p{x) C H{V). IlycTE. y = {yk} — Ha6jiiOflaeMaH coBOKyn- 

HOCTb XapaKTepHCTHK OflHOH KM nY = {Ifc} — CHCTCMBI. ITyCTB {ipi} — co6- 

CTBeHHBiH 6a3HC HeKOTopoH (JjHSHHecKOH BejiHHHHBi; u = {ui} — Ha6op ero 

HHceji sanojiHeHHH, rii = 0,1,2, ... ,N; ^(n) — CHMMeTpHSOBaHHaa (jih6o, 

cooTBeTCTBeHHO, ajibTepHHSHpoBaHHaH) BO CHCTeMbi, Bbipa>KeHHaii nepes n. 

K npoii,edype HadAtodemiM. Onpeflejienbi onepai];HH peajiHsai^nn chctcmbi 

B TOJKfleCTBeHHBIX (JjHSHHeCKHX yCJIOBHHX, OTBeHaiOn],HX flaHHOit BO. Hafl 

KajKfloii peajiH3ai];HeH npoBO^HTCH eflHHCTBeHHbra ceanc Ha6jiK)/];eHHH (sa- 
Mep), npoflOjiHcaiomHHCH b TeneHne BpeMenn T. B Kaac^OM ceance noasjiH- 
CTCH, BOo6me, He oflHOBpeMenHO, A^ nacTHij;. Ilpn stom ^jih KayKfipii nacTHi^bi 
(JjHKCHpyeTCH e^HHCTBeHHoe SHaneHHe y. ArperHpoBaHHbie xapaKTepncTHKH 
Y CHCTeMbi BbipajKaKJTCH HenocpeflCTBenno nepes sth SHanenHH. fljia xajK- 
flOH BO onpeflejiCHbi hx cpe^HHe {Y)(^), cooTBCTCTByiomHe 6ecK0HeHH0My 
Ha6opy saMcpoB. BpcMH HCKjiioHaeTCH h3 npoi];ecca Ha6jiiofleHHH b KanecTBC 
napaMCTpa. 

0op.MaAbHoe onucuHue. BO ^(n) OTo6pajKaeT MHOJKecTBO SHaHenHH n 

B KOMnjICKCHOe SBKJIHflOBO npOCTpaHCTBO T C SJieMCHTaMH 7 H npOHSBCfle- 

HHCM 7i72 H paccMaTpHsacTCH KaK sjieMCHT rHjib6epT0Ba npocTpancTsa c 
npoHSBefleHHCM ($i,$2), HopMHpoBaHHbiit: ||$(n)|p = 1. Cpeflnne (y)($) 
cyTb 3KO: {Y){^) = {^,A^), A — cooTBCTCTByiomHe onepaTopbi. B nacT- 
HOCTH, P(Q,$) = ($(n),/(n)$(n)), r^e /(n) = 1, n € Q, /(n) = 0,n(^Q, 

eCTb BCpOHTHOCTb Co6bITHH 71 G Q. BTOpHHHOe KBaHTOBaHHC BOCnpOHSBOflHT 
HepejIHTHBHCTCKHH aHajIOr, BKJIKJHaSI, nOMHMO $(?1-), OnepaTOpbl yHHHTOJKC- 
HHH H pOJKfleHHH HaCTHI];bI Cj, O^ , H TaKOBblC, OTHeCeHHbie K TOHKC X, — 

BOJiHOBbie onepaTopbi (BO): 

^(^) = T.M^)^^^ *''(^) = J2^i^:ix)at. (2) 



Otjihhhh cjieflyiomHe: BO KaK 4)yHKi];HH x onpeflejienbi b iif , a ne b H, h 

BpeMH BXOflHT B HHX CHMMeTpHHHO C npOCTpaHCTBeHHBIMH KOOpflHHaTaMH; 
4)OpMajIH3M flOJIHCen 6bITB pejIHTHBHCTCKH HHBapHaHTeH; ecjiH V'i — njIOCKHe 
BOJIHBI, TO 3T0T 6a3HC HSBCCTHBIM o6pa30M paCIHHpeH, COOTBeTCTBeHHO, nO- 

HBjiHeTCH flonojiHHTejiBHaH xapaKTepncTHKa KH,E — sapHfl, a cooTBeTCTBy- 

IOII],He HOBbIM COCTOHHHHM CJiaraCMBie B ([2]) o6peTaiOT yHH4)HI];HpOBaHHbIH 

BHfl ■0j(x)6j, Jp*{x)b^ , r^e 6j, b'^ — onepaTopbi yHHHTOJKenHH h po^K^eHHii 

HaCTHI];bI B 3THX COCTOHHHHX. BoCnpOHSBOflHTCH TaKJKC TCXHHKa CHHTCSa OnC- 

paTopoB A = {Afc} xapaKTepncTHK chctcmbi Y = {Y^}, BKjiiOHaH npaBHjio: 
sanncBiBaeM cpe^Hee fljia eflHHHHHOii nacTHi^Bi, h npoHSBOflHM saMeny: 

{y){r,i^) = ii^,L^l^)=Ir{x)Li;{x)dE■, ^ ^ *(x), 
ip* -^ *+(x), A = (y) (^+(x), ^(x)) . 

3flecb B npoHSBefleHHH BO paccMaTpHBaroTCH KaK sjieivieHTbi H. CooTBeT- 
CTBCHHo: (y)($) = ($, A$). EcjiH {^pi} — co6cTBeHHbiH 6a3HC Ha6jiioflaeMOH, 

TO A = ^.riiyi] {Y){^) = i^.yini^j = ^.yi{ni); yi — co6cTBeHHbie hhc- 

jia onepaTopa L, a riiyi — onepaTopa A, (n^) — cpe^HHe HHCjia sanojineHHa. 
OnepaTopbi, xapaKTepHsyiomne pacnpeflejieHHH KOopflnnaT HacTHu;, OTcyT- 

CTByiOT B PKM, KaK H flJIH eflHHHHHOH PKH, H ([T]) , ([3]) BOCnOJIHHIOT 3T0T 

npo6eji. OnepaTop A{Q) KOJinnecTBa HacTHu; b o6jiacTH Q C E: 

A(Q) = (^+(x),/(x)*(a;)) = j ■^+{x)-^{x)dE, (4) 

Q 

rfle f{x) = 1, X G Q, f{x) = 0, x ^ Q. OnepaTop A(Q) KOjinnecTBa HacTHu; 
B o6jiacTH Q C E coBna^aeT c onepaTopoM A(Q), Q = Q x (0,T) C E. 
CpeflHee hhcjio sanojinenHH o6jiacTH Q : {N){Q,^) = {^,A{Q)^). 

IlycTb S{ip* ,tp) = {ip, Lsip) — 4)yHKi];H0Haji fleftcTBHH KM, a 5(<^*, <I>) = 
= ($,As$) — CHCTeMbi. BapbHpyH nocjieflHHii no $*(n), nojiynnM BY: 

A,$(n) = 0, A, = {^>+{x),Ls^{x)) . (5) 

IlycTb Tenepb hhcjio A^ ne (JjHKCHpoBano, a MenaeTCH ot saMepa k saMe- 
py. 3to cooTBCTCTByeT MOflejiH KIT b paMKax KopnycKyjiHpHOit KOHi];eni];HH c 
TOHHOCTbK) flo HeHa6jiioflaeMbix xapaKTepncTHK BaKyyMHoro coctohhhh. BO 
Tenepb flojixcna 6biTb CHMMeTpHSOBana eme n no A^, |2]. IlpaBHjio ace ([2]), 

H COOTBeTCTBeHHO, — KOKKpCTHbie npeflCTaBJICKHH OnepaTOpOB A, BKJIKJHaH 

A(Q), ocTaiOTCH cnpaBCfljiHBbiMH, TaKHce KaK n BY. 



6.1. PejiiiTHBHCTCKasi HHBapnaHTHOCTB onncaHHii nojisi. Kojinne- 

CTBO HaCTHU; B flaHHOM COCTOHHHH CCTb pCSyjItTaT Ha6jIK)/];eHHH, He saBH- 

CHn],HH OT Bbi6opa CHCTCMbi KOopflHHaT. CooTBeTCTBeHHO, Ha6op HHCejI 3a- 
nojiHeHHH pejiHTHBHCTCKH HHBapHaHTeH, TaK jKe KaK H onepai];HH Ha/]; hhm 
Oj, o^. HosTOMy BO o6jiap,aiOT pcjihthbhctckhmh TpanccJjopMai^HOHHbiMH 
CBoiicTBaMH BQ> HacTHLi,bi ijj, a onepaTopbi A — CBoftcTBaMH hx anajioroB L. 

Jlajiee, A = {^+{x), L^{x)) = Yl-h4aj, kj = {tpi, Li>j); {y){Y){<^) = 

= (<I>,A<I>) = ^. ./jj(<I>, a^aj<l>). Ho (^I',*!') ecTb HHsapHanT KaK cootbct- 

CTByromee snaneHHe Mepbi BepoHTHOCTH, TaKJKe xaK h onepaTopbi a'^cij, no- 
STOMy ($,a^aj$) — Toace HHBapnaHTbi, a 4)opMa (^jA^) o6jiaflaeT pejia- 

THBHCTCKHMH TpaHC(J)OpMai];HOHHbIMH CBOHCTBaMH (JjOpMBI {tp ^ Llp) . ^aHHOe 

onHCHHe "nacKBOSb" pcjihthbhctckh HHBapnaHTHO, b OTjinnne ot flCKOMnosH- 
i];hh nojiH na oci];HjijiHTopbi, HHBapHaHTHOit b i];ejiOM, ho coflepjKamefi hchh- 
BapnaHTHbie SBenbH. He roBopH yjKe o tom, hto nocjieflHHH HHKaK ne coot- 
HOCHTCH c pacnpeflejieHHHMH KOopflnnaT. 

6.2. IIpeflCTaBjieHHe xapaKTepncTHK KBaHTOBoro nojisi b hhc- 
jiax sanojiHeHHii HMnyjibCHbix coctosihhh. HycTb {ijji{x)} — co6cTBeH- 
Hbiii 6a3HC sneprHH, HMnyjibca, cnnna h sapH^a. HpHMenHTejiBHO k sneprnH, 
HMnyjibcy, cnnny, sapa^y ([3]) flacT xpecTOMaTHHHbie onepaTopbi. OnepaTop 
A((5) KOJiHHecTBa HacTHu; b o6jiacTH Q C E saflan (jlj, npHHCM 6a3HC {ipi{x)} 
B BO flOjiHcen 6biTb nepeHopMnpoBan: ||'0j(x)|p = 1 bmccto "nacTHi^bi b eflH- 
HHHHOM o6'beMe". SannineM Q ^jih KOHKpeTHbix nacTHij;. 

CnaAsipHuu HeumpaAbHuu 6o30h. a-i = bi, ^"'"(x) = ^(x); A{Q) = 
= {l/2) J ^^{x)dE. 
Q 
0omoH. B paMKax MO^ejiH n. 3.3: ^+(x) = ^(x) = (^2(2;); ^3 (a^)); 
A{Q) = (1/2) J ^'^{x)dE. 3flecb BO ^2(2^), ^3(2^) cooTBeTCTByioT komho- 

Q 
HCHTaM 6a3Hca u^, -u^. 

CnaAJipHuu aapHMceuHuu 6030H. ^(x) = 'S^aiil)i{x)+hfil>l{x)^ ^+(x) = 



^4r^{x)+hi:i{x)■ A{Q) = J^+{x)^{x)dE. 



6.3. IIpeflCTaBjieHHe xapaKTepwcTHK KBaHTOBoro nojisi b HHCJiax 
sanojiHeHHii sineeK npocTpaHCTBa-BpeMeHH. BBCflCM b paccMOTpenne 

C06CTBeHHbIH 6a3HC KOOpflHHaT, flJIH yHHCjjHKai^HH C flHCKpCTHBIM 6a3HCOM 

HMnyjibca — na flonpe^ejibHOM ypoBHe HHTerpajibHbix cyMM. Pa3o6'beM 6pyc 
V G E na 6pycbi v{^) c 06'beMOM w{^), KajK^biii noMenen 3HaHeHHeM x = ^, 
npHHafljiejKan],HM CMy. OnpeflejiHM ceMeiicTBO cJjyHKi^HH ijj{x,S,) c napaMCT- 
poM ^: ilP'{x,£,) = w~'^{^), X G f(0; '^(x,^) = 0, x ^ ^(0- AnnpoKCHMnpyeM 
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^p{x) CTyneHHaToii (JsyHKi^neii ip'{x) = iIj{6.), x G ^^(0- •I'yHKi^HH iIj{x,S), 
ip'iyx) cyTb sjieMCHTbi noflnpocTpancTBa H' C H(y) KoneHHOH pasMepnocTH 

C OpTOrOHajIbHbIM 6a3HCOM ljj{x,(^) H, C TOHHOCTbK) flO annpOKCHMai^HH! 

{^y,{x),^',{x)) = E/i*(0V'^(e)^(6; \W{^)\? = h 



^'(x) = ^^V(e)V'(a:, OMO ^ ^(^) = / Hm^ - Od^, (6) 

w{C) -^ 0. 

p(Q, v'(x)) = / V'''(x)(ii^ = J2,p(0, Pio = i^Ho^iO- 

J Q' '^i 

SflecB Q' — MHHHMajibHbiH Ha6op 6pycoB v{^), noKpbiBaiomHH Q. Cootbct- 
CTBeHHO, flOonpeflejiHM annapaT BTopnHHoro KBaHTOBannH na co6cTBeHHbiH 
6a3HC KOopflHHaT tp{x,(,): n = {n(^)} — mhohccctbo hhccji sanojiHennH 6py- 
COB f (C), n(^) = 0, 1, 2, . . . , A^. IIpoHSBOflH saMeny: P{C) — > '^(C); nojiynnM 
onepaTop KOjinnecTBa HacTHu; b o6jiacTH Q' C E: 

A(Q') = J2^niO, e : ^^(0 G Q'; 

n(,^) BbinojiHHiOT 3flecb pojib co6cTBeHHbix HHceji onepaTopa A(Q'). Cpe^Hee 
KOJIHHeCTBO HacTHu; B Q': 

(^(0) — cpeflHee KOjinnecTBO HacTHu; b f(^). 

6.4. EflHHHHHasi HacTHii;a KaK noflCHCTeMa KBaHTOBoro nojiJi. Pac- 

CMOTpHM eflHHHHHyio HacTHi];y c BO ■i/'(a^) b TepMnnax BTopHHHoro KBaHTO- 
BaHHH KaK noflCHCTCMy A^ = 1 CHCTeMbi "KIT", onpeflejiHeMyro cjie^yromnM 
o6pa30M: yHHTbiBaiOTCH tojibko saMepti KIT, noKasbmaiomHe A^ = 1. IlMeeM: 
n = (0, 0, . . . 0, 1, 0, . . .), Tii = 0, 1. TepMHH "TOJKflecTBeHHbie nacTHi^bi" Tepsi- 
eT CMbicji, H BO <I>(n) ne coflep>KHT onepaTopa nepecTanoBKH. HaiifleM cpe^- 
Hee KOjiHHecTBO HacTHu; b o6jiacTH Q C E : {N){Q,^) = ($,A'((5)$), nojib- 
syHCb KOHeHHOMepHOH annpoKCHMai^HCH, npHBefleHHott Bbiine. {ipix,^)} — 
co6cTBeHHbiH 6a3HC Ha6jiioflaeMOH. KajK^OMy n OTBenaeT co6biTHe x{n) € E. 
OTOJK^ecTBHM TOHKy x{n) c noMCTKOH ^ BKjiK)HaK)mero ee 6pyca f(^). Hivie- 
eu: BO $(n) = 'ip{x{n)) OTo6pajKaeT mhohccctbo Bcex n b U. B corjiacnn 
c ([6|) cjieflyeT nojioJKHTb (<I>i,<I>2) = TJ ^i{n)^2{n)w{^ = x{n)). IlMeeM: 

||cl>(n)||2 = 1; (A^)(g,<l>) = i'^,A'iQ)^{= J2y(^) = J2,^H0M0 = 
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= P(Q',V) ^ UnOdC, w{0 ^ 0; n : x(n) G Q, ^ : ^(C) G Q' ■ TaKHM 

Q 
o6pa30M, flaHHaa cJjyHKi^HH $(n) OTBenaeT onpe^ejieHHio BO, a Ha6jiiofle- 

HHe TaKOH noflCHCTeMti KIT ^acT tot jkc pesyjitTaT, hto h onncaHHoe Bbiine 

HenocpeflCTBeHHoe Ha6jiio/];eHHe eflHHHHHOH HacTHi],bi. 



7. 06 OTHonieHHax HeonpeflejieHHOCTefi h oi],eHKax 

TOHHOCTH Ha6jlIOfleHHa 

B HepejiHTHBHCTCKOH KM OTHOineHHH HeonpeflejieHHOCTeii reH3eH6epra 
cyTb cjieflCTBHe CTaTHCTHnecKHx nocTyjiaTOB, npHBeflenHtix Btiine. B paMKax 

TpaflHLI,HOHHOH MOflCJIH pCJIHTHBHCTCKOH KH OHH yjKC HC HMCIOT STOrO TCOpe- 

THHecKoro ocHOBaHHH, nocKOJiBKy Heo6xo/];HMbiH fljiH SToro saKOH pacnpe^e- 
jieHHH KOopflHHaT OTcyTCTBycT. TeM He Menee, ohh ncnojibsyiOTCH b tom ace 
BHfle, CTporo roBopH, yjKe b KanecTBe caMOCTOHTejiBHoro nocTyjiaTa. Sflect 

3TH OTHOineHHH HOJiyHaiOT 060CH0BaHHe. IlpH 3T0M, eCJIH B nepejIHTHBHCT- 

CKOH KM OTHomeHHH KOopflHHaTbi-HMnyjibc H BpeMH-sneprHH bbiboahtch 

paSHbIM CHOC060M H HMeiOT paSHblH CMblCJI [31 CTp. 185 - 188, TO 3fleCb OHH 

o6jia/];aiOT hojihoh (JaopMajibHon h cmbicjioboh CHMMeTpneii. TeopeTHnecKHH 
HHJKHHH Hopor HeoHpeflejieHHOCTH KOopflHHaT PKH: Ax > Axinin = fic/e 
[e — SHeprHH), o6ycjiOBjieHHbiH sthmh OTHomeHHsiMH h neflonymeHHeM sdp- 
(JjeKTOB KIT (flJiH (JjOTOHa, — nopHflKa fljiHHbi ero BOJiHbi), TepsieT cnjiy, 
HOCKOjibKy scJxJjeKTbi KIT npn Ha6jHO/];eHHH b paMKax OHHcanHOH s^ecb npo- 
i];eflypbi ^onycTHMbi. Oh saivieHHeTCH MHHHMajibHbiM npaKTHnecKH npneivi- 
jieMbiM snaneHHeM BepoHTHOCTH 4)HKcai];HH e^HHCTBeHHOH nacTHi^bi npn na- 
6jiK)fleHHH KIT. 

Tpe6yeT CHei^najibHoro ocMbicjienHH OTHomeHne HeoHpeflejieHHOCTen Bpe- 
MH — CKopocTb — HMnyjibc vAtAp > h M BbiTeKaromaH h3 nero cbhsb toh- 
HOCTH Ha6jiiofleHHH HMHyjibca c HpoflOjiJKHTejibHOCTbK) ceanca Ha6jiK)fleHHH 
Ap > h/cAt. IlpejKfle Bcero, HMeeT jih cmmcji noHHTne "cKopocTb KM" b 
flaHHoii MOflejiH, h ecjiH ^a, to KaKoft? 

8. Maxepnaji fljia 3KcnepHMeHTa 

Ero flaiOT HOBbie CBottcTBa PKM h KIl, npe^CKasbiBaeMbie s^ecb: 4)op- 

Myjlbl flJIH HJIOTHOCTH BepOHTHOCTH KOOpflHHaT paSJIHHHblX THHOB PKM H 

pacnpeflejieHHH KOJinnecTB HacTHu; b npocTpaHCTBe-BpeivieHH fljiH KIl. llpo- 
CTeHHiHH BapnaHT npoBepKH HOCjie^Hero: cJjHKcai^HH BO na co6cTBeHHOM 
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6a3Hce 4-HMnyjiBca, noflCHCT cooTBCTCTByiomero TeopeTHnecKoro {N){Q,^) 
H cpaBHCHHe ero c Henocpe^CTBeHHO saMepennBiM {N){Q,<^). CymecTBen- 
Haa HOBaa oco6eHHOCTB MO^ejiH Ha6jiiofleHHH: Heo6ycjiOBjieHHOCTb sanepa 

MOMCHTOM BpeMCHH t. B TeHCHHe BpeMCHH T BOSMOJKHBI nOBTOpHBie pCaK- 

i];hh HacTHu; c npH6opoM, h cooTBeTCTseHHO, — Hee^HHCTBeHHOCTB SHanenHH 
y npH saMepe. IlocjieflHHH flOjiHcna 6biTb TaK hjih Hnane ycTpanena. B otjih- 

HHe OT XpeCTOMaTHHHOrO MHeHHH, Ha6jIK)fleHHe eflHHHHHOH PKM corjiacHO 

onncaHHbiM npoi^e^ypaM ne o6peMeHeHO npo6jieMOH neflonymenHH scJxJjeK- 
TOB Kn. Oco6bih HHTepec npeflCTaBjiHCT Ha6jiK)/];eHHe KOopflnnaT (JjOTona. C 

OflHOH CTOpOHBI, HfleajIBHO 06eCneHHBaeTCH eflHHCTBeHHOCTB CTOJIKHOBeHHH 

c HacTHi];eH-npH6opoM, nocKOJiBKy oh HcnesaeT npn peaKi^nn. C flpyroii, — 
npHMeHHMOCTb K HCMy ([1]) o6ycjiOBjieHa flonojiHHTejiBHBiM nocTyjiaTOM, ajiB- 

TepnaTHBHblM npHHI^nny rpaflHeHTHOlt HHBapHaHTHOCTH SJieKTpOflHHaMHKH. 

H SKcnepHMeHT onpeflejiHT ajiBTepnaTHBy: jih6o flanHBiH npHHi^nn sflecB 
HenpHMeHHM, h cnpaBeflJiHBO ([T]), jih6o HecnpaBeflJiHB nam nocTyjiaT dpo- 
TOHa, H ero pacnpe^ejieHHe KOopflnnaT ne onpe^ejieHO. 

9. BbiBOflbi 

IlOKaSaHO, HTO npn ^OCTaTOHHO HOJIHOM BKJiroHeHHH CTaTHCTHHeCKOii Ha- 

CTH PKH B jiorHKy CTO HHcJjopMaTHBHBie CBOHCTBa ee BO o6peTaiOT o6'beM, 

CpaBHHMblH C HepejIHTHBHCTCKOii KM. HoilBJIHeTCH, BOnpeKH XpeCTOMaTHH- 
HOMy MHCHHIO, TeOpCTHHeCKaH B03M0JKH0CTB Ha6jIIOfleHHH KOOpflHHaT PKH, 

H onpe^ejieno npe^CTaBjieHHe hx hjiothocth bcpohthocth g{x) = ilP'{x), 
OTBenaromee bccm Heo6xo/];HMBiM Tpe6oBaHHHM. 3/];ecB BO il}{x) OTo6pajKa- 
CT npocTpancTBO-BpeMH E b sbkjihaobo npocTpancTBO C/, xapaKTepnoe ^jih 
KajKfloro H3 paccMOTpeHHbix THnoB HacTHu;: 6o30Ha, fleftcTBHTejiBHoro h kom- 
njiCKCHoro, CKajiapnoro h BeKTopnoro, BKjnoHaa (Jjotoh, sjieKTpona. IIjiot- 
HOCTb g{x) B npocTeitinHx cjiynaHx (JjopMajiBHO noflo6Ha hjiothocth Bepo- 

HTHOCTH KOOpflHHaT HepejIHTHBHCTCKOH HaCTHI];bI, HO HMCCT HHOC COflCpHCa- 

HHe: HHBie ycjiOBHH Ha6jiK)fleHHii, hkbic CBOitcTBa, HHOit CMBicji. CeancBi na- 
6jiiofleHHH He o6ycjiOBjieHbi momchtom BpeMenn t, t. e. BpeMH HCKjiiOHaeTCH 
H3 npoi];ecca Ha6jiio/];eHHH b KanecTBe napaMCTpa, no npncycTBycT b cocTa- 
Be apryMeHTa BO h Ha6jiioflaeMOH y = x; cooTBCTCTBeHHO, hjiothoctb tc- 
nepb — pejiHTHBHCTCKHH HHBapnaHT; bmccto CTOxacTHHecKoro TaHi];a nacTH- 
i];bi, onncbiBaeMoro hotokom bcpohthocth c npocTpancTBenHOH njiOTHOCTbK) 
/(t,x) = |'0(t,x)| , HMeeM BepoHTHOCTHoe pacnpe^ejieHHe noHBjieHHH na- 
CTHi];bi B npocTpancTBe-BpeMeHH c njiOTHOCTbK) g{x), ne CBOflHMoe, BOo6me, 
K flBHJKeHHK) B npocTpaHCTBe. B nepBOM npH6jiHJKeHHH HflCH TaKoro pac- 
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npeflejieHHH KOopflnnaT 6bijia paccMOTapena b [^ na npocTeiimeM npHMepe 
CKajiHpHoro 6o30Ha. CoKpameHnaH Bepcnsi ^aHHOH pa6oTE.i ony6jiHKOBaHa 
B [5]. yTOHHHeTCH TaKJKC CMbicji pacnpeflejieHHH sneprHH-HMnyjitca PKH. 
OTHOineHHH HeonpeflejieHHOCTeii reH3eH6epra cyTt cjie^CTBHe nocTyjiaTOB 
HepejiHTHBHCTCKOH KM. B paMKax TpaflHi];HOHHOH MOflejiH PKM OHH yjKe 
He HMeiOT SToro TeopeTHnecKoro ocHOBaHHH, nocKOjiBKy Heo6xoflHMbiH ^jih 
3Toro saKOH pacnpeflejieHHH KOopflnnaT OTcyTCTByeT. B paccMaTpHBaeMOii 
MOflejiH 3TH OTHomeHHH nojiy^aiOT o6ocHOBaHHe. ITpefljiOHceHa h o6ocHOBa- 
Ha npoi];e/];ypa Ha6jiiOfleHHH nacTHi^Bi, (JjHjibTpyiomaH scJjcJjeKTBi KBanTOBoro 
nojiH KIT. CooTBeTCTBeHHO, TepHiOT CHjiy orpaHHHeHHH tohhocth Ha6jiio/];e- 
HHH PKM ocHOBaHHBie Ha HeflonymeHHH sthx scJjcJjeKTOB. Hobbic CBoiicTBa 
PKH floonpeflejiHiOTCH na KIT b bh^c xapaKTepncTHK pacnpeflejiennH na- 
cthd; b npocTpaHCTBe-BpeMeHH b flonojineHHe k TaKOBBiM ^jih HMnyjiBCHbix 
cocTOHHHH. HojiyHeHBi oncpaTopBi 3THX pacnpeflejieHHH fljia HCKOTopbix cbo- 
6o/];Hbix Kn, a TaKHce — pejiHTHBHCTCKH HKBapnaHTHoe onncaHHe KIT b paM- 
Kax npefljiaraeMOH MO^ejiH. 

A66peBHaTypbi: KH — KBaHTOBaa nacTHi^a; BO — BOjiHOBaa cJjyHKi^HH; 
PKH — pejiHTHBHCTCKaH KM; KM — KBanTOBaH MexannKa; PKM — pe- 
jiHTHBHCTCKaa KM; CTO — cnei^najibHaa Teopna OTHOCHTejibHOCTn; KIT — 
KBaHTOBoe nojie; 3KO — spMHTOBa KBaflpaTHnnaH cJjopMa; BY — bojihoboc 
ypaBHCHHe; BO — bojihoboh onepaTop. 
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